The volatile fractions of Centaurea arachnoidea and C. montis-borlae, two endemic species growing wild in the Apuan Alps (Tuscany, Italy), were isolated by steam distillation from fresh leaves and flowerheads, and analyzed by GC/FID and GC/MS. The yield of essential oil ranged from 0.01% to 0.09% of fresh material. A wide variety of volatile compounds was detected in the examined plant species and organs, both in qualitative and quantitative terms. Sesquiterpenes were the major constituents, ranging from 18.9% to 73.2% of the total oil. Alcohols (1.6-25.8%), aldehydes (1.5-12.0%), hydrocarbons (1.8-11.9%), acids (0.2-25.4%), esters (0.2-1.3%), monoterpenes (0.7-1.4%), and miscellaneous compounds (0.6-2.6%), were also detected in variable amounts in all different sample tissues. A series of unidentified compounds was also isolated from the two species, both in leaves and flowerheads, accounting for 2.4-6.7% of the total oil. According to MS spectral data, these substances were likely to be polyunsaturated compounds; moreover, they appear to be species-specific, as their presence was only detected in either one or the other Centaurea species.
The genus Centaurea (Asteraceae), as traditionally defined, includes more than 600 species [1] . In Italy, this genus is represented by a very large number of species, distributed all over the country, many of which are endemic, being restricted to limited areas. The taxonomy of this genus is quite complicated with regard to its subdivision into sections and the classification of single species within them, and further investigation is required in order to clarify the evolutionary pathway of the genus, most likely by means of modern cytological and biochemical techniques.
Several Centaurea species have been investigated for their secondary metabolite content, as well as for the antimicrobial properties of their extracts, since they have been used in folk medicine in several countries [2a-2c] . Sesquiterpene lactones [3a-3g] , and volatile constituents [4a-4w] are the main groups of metabolites studied in this genus in the search for taxonomic markers. The two species considered in this work, namely C. arachnoidea Viv. and C. montis-borlae Soldano, were chosen as part of a broad survey aimed at characterizing the chemical composition of botanical species from the Apuan Alps, as their volatile constituents have never been reported before.
C. arachnoidea Viv. is a perennial plant that grows on calcareous substrates in dry grasslands in the Apuan Alps (Tuscany, Italy), where it is endemic. Its chromosome number is 2n=20 [5] .
C. montis-borlae
Soldano is another rare endemic species [6a-6c] restricted to a narrow area of the Apuan Alps, namely the slopes of Mount Borla (1469 m). The species may be considered as "Vulnerable" (VU), following the I.U.C.N. Red List criteria [7a-7b] . Its chromosome number is 2n=88 [8] .
Preliminary results on the volatiles from C. arachnoidea and C. montis-borlae [9] revealed some The yield of essential oil from the leaves and flowerheads of C. arachnoidea and C. montis-borlae ranged from 0.01% to 0.09% (w/w of fresh material). GC analysis of the oils allowed the detection of several compounds, as reported in Table 1 , grouped according to their chemical class and listed according to their retention indices on an Elite-5 column. Indications are also reported on the fractions in which they were detected following chromatographic separation.
Sesquiterpenes represented the most abundant class of compounds of the volatile oil from the two Centaurea species, accounting for 73.2% and 57.1% of it in C. arachnoidea leaves and flowerheads, respectively, while in C. montis-borlae leaves and flowerheads their content reached 28.3% and 18.9%, respectively. Germacrene D was the most abundant sesquiterpene in C. arachnoidea, which made up 46.5% and 18.2% of the total oil from leaves and flowerheads, respectively, followed by β-caryophyllene (9.2% of leaf oil, and 18.5% of flowerheads oil). In C. montis-borlae oils, the germacrene D content was 6.5% and 3.1% from leaves and flowerheads, respectively, and β-caryophyllene 9.3% and 7.9%, respectively . Other sesquiterpene hydrocarbons, such as (Z)-β-farnesene, (E,E)-αfarnesene and bicyclogermacrene, were found to be higher in the leaves and flowerheads of C. arachnoidea than in those ofC. montis-borlae, whereas oxygenated sesquiterpenes, such as caryophylla-4(14),8(15)-dien-5ol and germacra-4(15),5,10(14)-trien-1-ol were found to be more abundant in C. montis-borlae than in C. arachnoidea volatile oils (Table 1) . Sesquiterpene hydrocarbons, and germacrene D in particular, are the dominant compounds reported for the volatile oils of several Centaurea species [4c,4e,4h,4i,4o,4v] .
Considering other classes of compounds, more differences can be pointed out, given the presence of higher amounts of alcohols, aldehydes, acids and hydrocarbons in C. montis-borlae than in C. arachnoidea oils. The unsaturated alcohol (Z)-3-hexen-1-ol was reported in higher amounts in the leaves of both species, namely 9.8% in C. arachnoidea and 20.4% in C. montis-borlae, compared with flowers, in which it reached 0.9% in C. arachnoidea and 2.1% in C. montis-borlae. This compound, together with other C-6 alcohols, aldehydes and esters, such as (E)-2-hexenal and (Z)-3-hexenylacetate, is typical of green tissues. As a whole, they are responsible for the "green leaf odor" of grasses, originating from oxidative degradation of unsaturated fatty acids, particularly linoleic and linolenic acids [10a,10b] .
Differences in the volatile patterns from plant organs of both Centaurea species were also detected for aromatic aldehydes, mostly benzaldehyde and phenylacetaldehyde. These compounds, which have a sweet flowery fragrance, were found at higher amounts in flowerheads than in leaves (see Table 1 ) in both species.
Acids were more abundant in C. montis-borlae, in which they accounted for 13.4% and 25.4% of the total oil from leaves and flowerheads, respectively; in C. arachnoidea, they accounted for only 0.2% and 3.3% of the total oil from leaves and flowerheads, respectively. The even, long-chain, saturated series from C 14 to C 16 , together with the unsaturated C 18 molecules, are predominant within this class of compounds.
The same trend was observed for hydrocarbons, which were detected in higher amounts in C. montis-borlae oil than in C. arachnoidea oil. Linear, odd-chain, aliphatic compounds in the range between C 23 and C 31 were the most abundant (see Table 1 ).
Monoterpenes, esters and miscellaneous compounds, including 2,3-dihydrobenzofurane, indole, 6,10,14trimethyl pentadecan-2-one, and eugenol were scarcely represented in these oils.
A series of unidentified compounds was also reported from the two species, both in their leaves and flowers, representing 2.4-6.7% of the detected volatiles. These compounds were found in the polar fraction (P) after chromatographic separation of the oil components; such occurrence may implicate the presence of a polar group in their molecule. Interestingly, these compounds seem to be species-specific, as their presence was only detected either in one or in the other Centaurea species.
From MS data of these unidentified compounds, two groups can be evidenced in C. arachnoidea, one with 100% ion intensity at m/z = 128 amu (namely unidentified 1 and 3 in Table 1 ), the other with 100% ion intensity at m/z = 115 amu (unidentified 2, 4 and 7 in Table 1 ). One group only was evidenced in C. montis-borlae, with 100% ion intensity at m/z = 57 amu (unidentified 5 and 6). Within the group, these unidentified oil components showed a very similar fragmentation pattern, as reported in Table 1 , although with different retention indices. The comparison of their MS spectra with those available in the literature, led us to suppose that they belong to the class of linearchain polyunsaturated substances. This occurrence is not unusual, however, because such compounds have Volatile constituents from C. arachnoidea and C. montis-borlae Natural Product Communications Vol. 5 (8) 1288 Natural Product Communications Vol. 5 (8) 2010 Viegi et al. (12) , 231 (5), 183 (7), 169 (9), 165 (8) Isolation and fractionation of oils: Samples were steam distilled with odor-free water in a Clevenger-type apparatus to give 300 mL of distillate. This was saturated with NaCl, extracted with freshly distilled diethyl ether (3 × 100 mL), dried over anhydrous Na 2 SO 4 and concentrated in a rotary evaporator to give a pale-yellow oil.
A portion of the volatile oil from each sample was placed on a glass column (7 × 30 mm) of silica gel 60, 230-400 mesh (Merck, Darmstadt, Germany), preconditioned with freshly distilled n-pentane. The non-polar fraction (N), containing hydrocarbons, was eluted with 5 mL of n-pentane. Successive elution with Et 2 O (5 mL) afforded esters, aldehydes, alcohols, and oxygenated terpenes (P). Elution with Et 2 O-1%AcOH (5 mL) gave the acidic fraction (A). Solvents were removed using a rotary evaporator, and the resulting fractions were analyzed by GC/FID and GC/MS. The acidic fraction was treated with CH 2 N 2 prior to GC analysis. The whole essential oils and all fractions obtained from chromatographic separation were analyzed by GC.
Gas chromatography and gas chromatography-mass spectrometry:
GC/FID analysis was carried out using a Perkin Elmer model 8500 GC equipped with a 30 m × 0.32 mm i.d. Elite-5MS (5% phenyl methylpolysiloxane) capillary column (0.32 μm film thickness). Samples (0.5 μL) were injected in the "split" mode (1:30) with a column temperature program of 40°C for 5 min, then increased to 280°C at 4°C/min and finally held at that temperature for 10 min. Injector and detector were set at 250 and 300°C, respectively; the carrier gas was He with a head pressure of 12.0 psi.
Volatile constituents from C. arachnoidea and C. montis-borlae Natural Product Communications Vol. 5 (8) 2010 1289 GC/MS analysis was carried out using a Perkin Elmer Clarus 500 GC equipped with a Clarus 500 mass spectrometer using the same capillary column and chromatographic conditions as for the GC/FID analysis. Mass spectra were acquired over 40-500 amu range at 1 scan/sec with an ionizing electron energy of 70 eV, and ion source temperature of 200°C. The transfer line was set at 300°C; the carrier gas was He at 1.0 mL/min.
Identification and quantification of the essential oil components:
The identification of essential oil components was based on their retention indices (RI) and their MS, by comparison of MS data with a NIST data base mass spectral library [12] , as well as with literature data [13a,13b] . Authentic reference compounds purchased from Sigma-Aldrich were also used. Retention indices (RI) were calculated using a nalkane series (C 6 -C 32 ) under the same GC conditions used for the analyzed samples.
The relative amount of individual oil components are expressed as percent peak area relative to total peak area from GC/FID analysis of the whole extracts.
